Abstract. The beam normal single spin asymmetry (B n ) is generated in the scattering of transversely polarized electrons from unpolarized nuclei. The asymmetry arises from the interference of the imaginary part of the two-photon exchange with the one-photon exchange amplitude. The Q weak experiment has made the first measurement of B n in the production of the ∆(1232) resonance, using the Q weak apparatus in Hall-C at the Thomas Jefferson National Accelerator Facility. The final transverse asymmetry, corrected for backgrounds and beam polarization, is B n = 43 ± 16 ppm at beam energy 1.16 GeV at an average scattering angle of about 8.3 degrees, and invariant mass of 1.2 GeV. The measured preliminary B n agrees with a preliminary theoretical calculation. B n for the ∆ is the only known observable that is sensitive to the ∆ elastic form-factors (γ*∆∆) in addition to the generally studied transition form-factors (γ*N∆), but extracting this information will require significant theoretical input. 
Here σ ↑ (↓) is the cross section for spin up (down) electrons and T 1γ (T 2γ ) is the amplitude for the 1-photon (2-photon) exchange. B n vanishes in the Born approximation, and therefore provides a direct access to the imaginary part of the two-photon exchange amplitude. The imaginary part of the two photon exchange contains information about the nucleon intermediate states (see FIGURE 1) . The proton and ∆ intermediate hadron vertices are known except for the γ*∆∆ electromagnetic (EM) vertex. The proton EM form factors [3] and N → ∆ EM transition form factors [4, 5] have been investigated in the last decade. The electron-proton scattering with ∆ in the final state gives an unique opportunity to study the γ*∆∆ form factor [5] . The exploration of the γ*∆∆ form factor has potential to constrain the nuclear properties of the ∆, such as charge radius and magnetic moment [6] . The Q weak experiment [7] has made the first measurement of B n in the production of the ∆(1232) resonance in electron-proton scattering, using the Q weak apparatus in Hall-C at the Thomas Jefferson National Accelerator Facility. 
EXPERIMENTAL MEASUREMENT OF THE ASYMMETRY
The Q weak longitudinal measurement setup [7] was used for this measurement with minor modifications. The electron beam polarization was changed from the nominal longitudinal setup to produce fully transverse polarization, either horizontal or vertical relative to the accelerator bend plane, using the double Wien filter and solenoid magnets TABLE 1. The data set for the B n measurement in the production of the ∆(1232) resonance. The data with vertical transverse polarization are in parentheses, the rest are for horizontal transverse polarization. The beam currents and total charge on target in Coulombs are shown in the table. More information about the conditions of data taking is given in [9] . A full analysis of the data on H 2 target at the ∆ peak, indicated by †, is discussed in this article. The transverse asymmetry on an Al target, indicated by † †, was also analyzed as a background correction for the H 2 data set. The analysis of the remaining data are ongoing and will not be covered in this article.
QTor current 6000 A 6700 A (∆ peak) The total collected data after the hardware and software quality cuts is shown in TABLE 1. The QTor current of 6700 A selects the inelastic events near the invariant mass,W , of 1.2 GeV. Data on both sides of the ∆ peak (6000 A and 7300 A) were taken to better constrain the elastic dilution. Data were collected on a primary liquid hydrogen (H 2 ) cell, a 4% thick downstream aluminum alloy (Al) to constrain the target window backgrounds, and a 1.6% thick downstream carbon foil ( 12 C) to help understand the atomic number dependence of B n at beam energy of 1.16 GeV for both spin orientations. The acceptable beam currents for the different targets were different (see TABLE 1 ) as it passes through the different targets of different effective thicknesses. The beam was rastered on the target over an area of 4 mm×4 mm by the fast raster system to minimize the target boiling and to prevent the beam from burning through the target windows. The insertable half wave plate was used to help suppress the helicity correlated beam asymmetries and was reversed at intervals of about 2 hours.
A single detector asymmetry was obtained by averaging the two PMT asymmetries from eachČerenkov detector. The error weighted average of the asymmetries from runlets, about 5 minute long data samples, was extracted for a given data set. The raw asymmetries were corrected for the false asymmetries using linear regression as
∆T i , where T i represents different beam parameters. To extract the regressed asymmetry ε reg from the detectors, the average asymmetry for the two different insertable half wave plate (IHWP) settings, IN and OUT, were determined separately for each main detector bar. The asymmetries measured in the IHWP configurations were sign corrected for the extra spin flip and averaged together after checking for the IHWP cancellation of the false asymmetries. The error weighted value of <IN,-OUT> determined the measured regressed asymmetry for each bar. These regressed asymmetries were then plotted against the detector octant number, which represents the location of the detector in the azimuthal plane (φ = (octant -1)×45 • ), and they were fitted using a function of the form ε H reg sin(φ )/ε V reg cos(φ ). This analysis was focused on the azimuthal dependence of the detector asymmetries representing the transverse asymmetries. 
Here, φ is the azimuthal angle in the transverse plane to the beam direction. φ = 0 indicates beam left, φ 0 is a possible phase offset expected to be consistent with zero. P H and P V are horizontal and vertical components of the transverse polarization, respectively. ε reg is the measured regressed asymmetry (amplitude) of the azimuthal modulation generated by B n . The measured regressed asymmetries for the horizontal and vertical transverse polarization on H 2 target are ε H reg = 5.3 ± 0.5 ppm and ε V reg = 4.4 ± 0.8 ppm, respectively (see FIGURE 3) . The error weighted asymmetry of the horizontal and vertical transverse data set is 5.1 ± 0.4 ppm. The systematic uncertainty on the measured asymmetry has contributions from non-linearity, fit function, detector acceptance and other regression related uncertainties. The combined systematic uncertainty for this data set is about 0.1 ppm. The total uncertainty on the measured asymmetry is quadrature sum of the statistical and systematic uncertainties and is dominated by the statistical uncertainty.
EXTRACTION OF PHYSICS ASYMMETRY
The beam normal single spin asymmetry in inelastic electron-proton scattering is obtained from the measured asymmetry by accounting for the polarization, backgrounds, EM radiative corrections, and kinematics normalization using
Here M kin is a correction factor for the experimental bias and radiative effects, P is the beam polarization, and B bi is i th background asymmetry with fraction of backgrounds in the total detector acceptance (dilution) f bi . ε reg is the regressed asymmetry after corrected for the false asymmetries using linear regression. The asymmetry was normalized with respect to beam polarization (P) using precision measurement of the polarization using the Møller polarimeter and Compton polarimeter. The measured polarization was ∼88% with <1% uncertainty. The backgrounds were corrected for the aluminum window (Al), scattering from the beamline (BB), neutral particles in the magnet acceptance (QTor), and elastic radiative tail (el). Final correction was applied for the radiative tails and other kinematic correction (M kin ). The background asymmetries and dilutions comes from the dedicated measurements and simulations. 
PRELIMINARY RESULT
Using all the input values in Equation 3 gives the beam normal single spin asymmetry in inelastic electron-proton scattering B n = 43 ± 16 ppm (4) for the effective kinematics of acceptance averaged electron energy E beam = 1.16 GeV, Q 2 = 0.021 (GeV/c) 2 , an average scattering angle θ = 8.3 o , and invariant mass W ∼1.2 GeV. The contributions from the different uncertainty sources into the final measurement are summarized in FIGURE 4. The dominant correction to the asymmetry comes from the elastic radiative tail whereas the dominant uncertainty on the measured asymmetry comes from statistics. The extraction of B n depends strongly on the elastic dilution ( f el ). Careful study is ongoing to reduce the uncertainty in f el . The measured B n from this analysis is compared with a preliminary model calculation from B. Pasquini [10] . The preliminary measured B n agrees with the model calculation (see FIGURE 5) . The theory asymmetry is large in the forward scattering angle region. The nucleon and ∆ contribution in the asymmetry have similar magnitude and similar functional form. There is a lattice Quantum Chromo Dynamics parameterizations for the γ*∆∆ form factors in the model calculation which are not well understood. The physics implications of the model will be investigated with more detail in the near future. The Q weak transverse data set has potential to constrain models and along with possible future world data has potential to study the charge radius and magnetic moment of ∆. In addition to this measurement, Q weak performed beam normal single spin asymmetry measurements for various physics processes, which are summarized in TABLE 2. While these data sets are still being analyzed, their quality and relative precision makes them good candidates to test model predictions for the beam normal single spin asymmetries at forward angle kinematics from these different processes.
